Background--Most evidence of target-organ damage in hypertension (HTN) is related to the kidneys and heart. Cerebrovascular and cognitive impairment are less well studied. Therefore, this study analyzed changes in cognitive function in patients with different stages of hypertension compared to nonhypertensive controls.
I
ncreased blood pressure (BP) is the leading risk factor for premature death, stroke, and heart disease worldwide. 1 In 2000, the world was estimated to have nearly 1 billion people with hypertension (HTN) with an increase to 1.56 billion by 2025. 2 Prevalence of dementia increases exponentially with increasing age, 3 doubling with every 5-year increase after age 65. In higher-income countries, prevalence is 5% to 10% in those aged 65+ years and is usually greater among women than men, primarily because women live longer. Within the United States, a higher prevalence has been reported in African-American and Latino/Hispanic than in white nonHispanic populations. Global systematic reviews and metaanalyses suggest that the prevalence of dementia is lower in sub-Saharan Africa and higher in Latin America than in the rest of the world. 3, 4 According to Chaves et al, 5 in Brazil the incidence of mild cognitive impairment (MCI) is 13.2 per 1000 person-years and for Alzheimer's disease (AD) is 14.8 per 1000 person-years. MCI is an intermediate state between normal cognition and dementia. Although specific changes in cognition are observed in normal aging, there is increasing evidence that some forms of cognitive impairment are recognizable as an early manifestation of dementia. 6 Several criteria for, and subtypes of, MCI have been proposed. 7 In general, these criteria include a measurable deficit in cognition in at least 1 domain, in the absence of dementia or impairment in activities of daily living. Both HTN and dementia are common in elderly individuals. 8 Among people aged ≥65 years, the prevalence of dementia is %8%, and the prevalence of HTN is %65%.
2,9
The relation of BP with cognitive function and dementia has recently received much attention in epidemiological studies. 10 The findings of cross-sectional studies of BP and cognitive function have varied greatly in their results. Some studies found higher rates of cognitive impairment associated with elevated BP, 11 others with low BP, 12 and others documented a U-shaped relationship. 13 Epidemiological data from the Framingham study 14 has
suggested that no association exists between BP and cognitive performance measured concurrently; however, when the data were reanalyzed longitudinally, the average BP over 20 years was inversely related to cognitive performance. 15 Two further longitudinal studies have shown a link between midlife or later-life HTN and subsequent cognitive impairment. 11, 16 Reasons for discrepancies between cross-sectional and longitudinal studies may include the tendency for BP levels to change with onset of dementia, 16, 17 inclusion of individuals with established cerebrovascular disease in cross-sectional studies, and effects of BP-lowering therapy on cognitive function. Except for 1 small study with 25 older patients with severe HTN, there are no data on cognitive function in either older or younger patients with HTN where the effects of cerebrovascular disease have been excluded 18 and the severity of HTN has been addressed in the analyses. The hypothesis of the present study was that (1) cognitive performance in patients with HTN without manifested cerebrovascular disease would be more impaired than that in normotensive individuals and (2) worse cognitive scores would be observed with increasing BP level.
Methods
Of %724 patients (199 normotensive and 525 hypertensive) screened for this cross-sectional study, we enrolled 221 (71 normotensive and 150 hypertensive) patients. Cognitive function was assessed using the Mini-Mental State Examination (MMSE), the Montreal Cognitive Assessment (MoCA), and a battery of neuropsychological tests.
Patients from the Hypertension Unit of the Heart Institute of São Paulo University (São Paulo, Brazil) were consecutively recruited from June 2013 to December 2015. The normotension group participants were recruited from patients without cardiovascular disease followed yearly at the Heart Institute as part of a protocol for cardiovascular assessment. 19 Patients with the following conditions were excluded: aged <18 years; overt cerebrovascular disease (previous stroke or transient ischemic attack); diabetes mellitus; current smoker; arrhythmias; heart failure with left ventricular dysfunction; known neurodegenerative or psychiatric disease; and illiteracy. The number of school years completed was used to assess educational level. The local ethics committee approved the protocol, and all participants gave written informed consent.
BP Measurement
Brachial systolic (SBP) and diastolic BP (DBP) was assessed with an Omron automatic device (HEM-705 CP model) in the right upper arm, with the subject seated, after resting for 5 minutes following the recommendations of the VI Brazilian HTN guidelines. 20 
Cognitive Function Evaluation

Mini-Mental State Examination
The MMSE is a commonly used 30-point scale for assessing cognitive function in orientation, registration, attention and calculation, recall, language, and praxis. MMSE administration was performed according to existing standards. 21 Because participants had heterogeneous educational levels, cutoffs were adjusted to the level of education. The following cutoff scores were used to identify abnormal cognition in this study: ≤21 for the patients with <8 years of education; ≤23 for those with 9-11 years of education; and ≤25 for those with ≥12 years of education. 22 
Montreal Cognitive Assessment
The MoCA is a rapid screening instrument to identify MCI. 23 It assesses attention and concentration, executive functions, memory, language, visuoconstructional skills, conceptual thinking, calculations, and orientation. The total possible score is 30 points, and a score of ≥26 is considered normal. A previous validation study in Brazil suggested 25 points as the ideal cutoff for MCI identification. 24 To counterbalance the effect of lower education, 1 point was added to the final score of those individuals with <12 years of education.
Neuropsychological Evaluation
The neuropsychological tests were chosen according to the guidelines offered by the National Institute of Neurological Disorders and Stroke-Canadian Stroke Network standards 25 and by the recommendations of the Brazilian Academy of Neurology.
Procedures and descriptions of the neuropsychological tests used have been published elsewhere. [27] [28] [29] [30] [31] [32] [33] [34] [35] 33 and Digit Symbols Substitution Test (DSST). 34 We computed scores for global cognition (mean z score of the BNT, RAVLT5, RAVLT6, RAVLT7, REY-C, REY-30, VF, FAS, FDST, BDST, TMT-A, TMT-B, CDT, and DSST), language (BNT), memory (mean z score of RAVLT5, RAVLT6, RAVLT7, and REY-30), executive functioning (mean z score of VF, FAS, BDST, and TMT-B), visuospatial abilities (mean z score of REY-C and CDT), attention (mean z score of FDST and TMT-A), and processing speed (DSST).
Statistical Analysis
Data were analyzed with SPSS software (SPSS for Windows 21.0, SPSS, Inc., Chicago, IL). Data distribution was determined using the Kolmogorov-Smirnov test. Continuous variables are presented as mean and SD or as median and range if they are not normally distributed and were analyzed by the independent-samples t test and Mann-Whitney U test, when suitable. Categorical data are presented as percentages. An ANOVA test was used with Bonferroni post-hoc comparisons for continuous variables. The Kruskal-Wallis test was used for categorical variables. Pearson's coefficient was used for bivariate correlations. In multivariable regression analyses, all variables with P<0.1 on unadjusted analysis were selected for multivariable linear step-wise analysis. To account for group differences in education, this variable was included as a covariate in the models. Statistical significance was set at 5%.
Z scores were calculated using normotension as the reference group. Participants were considered to have cognitive impairment if they had scores below À1.5 SD in 1 or more cognitive domains.
Results
In a cross-sectional study, 221 patients (71 normotensive and 150 hypertensive) were compared. Figure 1 presents the flow chart of the study and the main exclusion reasons. Baseline characteristics are described in Table 1 . The 3 groups were similar regarding age, but compared to the normotension and HTN stage 1 groups, the HTN stage 2 group had higher body mass index (BMI) and lower educational level and family income. Diuretics were the most frequently prescribed drugs, followed by calcium-channel blockers.
MoCA and MMSE Scores
The cognitive profile according to the patient's BP level is presented in Table 2 . The HTN stage 2 group performed worse 
Neuropsychological Evaluation Performance
The normotensive group performed better than the HTN groups in the majority of cognitive tests, with significance differences mainly between the control and the most severe HTN group ( Both MoCA and neuropsychological evaluation (NPE) were better screening tools than MMSE for cognitive impairment (Figure 2 ). The frequencies of cognitive impairment by different tools were, respectively, normotension (7%, 25%, and 24%); HTN stage 1 (9%, 33%, and 35%), and HTN stage 2 (14%, 50%, and 45%) for MMSE, MoCA, and NPE. Table 3 shows cognitive performance according to the cognitive domains investigated comparing the 3 groups. The HTN stage 2 group performed worse than the other 2 groups, with differences mainly observed in global cognitive function, memory, executive functioning, and processing speed. These differences remained significant even after adjustment for educational level: global function (P=0.002); memory (P=0.036); executive function (P<0.001); and processing speed (P=0.047).
Alterations on NPE in patients with HTN were mainly because of the impairment in language (16%), followed by processing speed (14%), visuospatial abilities (13%), and memory (10%) domains.
Correlations Between Clinical and Cognitive Variables
Unadjusted analysis ( A subanalysis of cognitive performance in those patients with high level of education (≥9 years schooling years) is presented in Table 6 . Even in this subgroup of patients, where the education level might have a possible protective effect, cognitive performance worsened in line with the severity of BP level.
Discussion
Our data show that patients with HTN had poorer cognitive performance than controls in all cognitive tests, which seems to be related to severity of HTN. Age, HTN stage, and educational level were the variables that most robustly predicted cognitive impairment in our study.
The relation of HTN to cognitive function is frequently studied by comparing the cognitive performance of people with normal BP (or normotensives) with that of hypertensive patients at 1 time point. Commonly assessed cognitive functions include attention, learning and memory, executive functions (ie, self-regulatory behaviors like planning and organization, mental flexibility, and response inhibition), visuospatial skills, psychomotor abilities, perceptual skills, and language abilities. 36 Results of such studies indicate that increases in BP are associated with incremental reductions in cognitive function. Interestingly, several studies have instead found that low levels of BP are associated with poorer cognitive function. Indeed, some investigations found that both high and low BP were associated with lower levels of cognitive performance. 37 The most convincing evidence of a relationship between HTN and cognitive deterioration is derived from a prospective study conducted in the 1960s, when antihypertensive treatment was still infrequent. 38 The researchers suggested that "the basis for the cognitive decline associated with aging should be considered secondary to some pathologic processes and not merely as a 'normal' aging process." Results from other studies assessing longitudinally measured BP point in the same direction. In the Honolulu-Asia Aging Study, high midlife SBP was a predictor of reduced cognitive function in later life, when stroke cases were included. 11 Similarly, in the Framingham study, untreated BP levels and chronicity of HTN were inversely related to the composite cognitive score. 39 
Education, HTN, and Cognitive Impairment
Our data also show that both HTN stage and educational level predicted cognitive impairment, with better performance occurring in those patients with a higher educational level.
Although the relationship between education and cognitive status is well known, evidence regarding whether education moderates the trajectory of cognitive change in later life is conflicting. 40 The hypothesis of cognitive reserve asserts that older individuals with greater experiential resources exhibit better cognitive functioning and are able to tolerate higher levels of brain pathology before displaying clinical symptoms. 41 One of the most well-established proxy measures of reserve capacity in the elderly is educational attainment, which is thought to reflect the more-effective use of brain networks or cognitive paradigms. 42 In line with the hypothesis of cognitive reserve, many studies in both North America and Europe have suggested that educational attainment is associated with better cognitive performance and reduced risk for cognitive impairment and dementia in later life. 43, 44 On the other hand, some studies found that education is not related to cognitive decline. In a large longitudinal cohort, education was related to cognitive performance, but unrelated to cognitive decline, supporting the hypothesis of passive cognitive reserve with aging. 40 Whether HTN could moderate this hypothesis of cognitive reserve is unclear. However, in our analysis, we found that even those patients with higher educational levels (high school and college) had poorer cognitive performance when they were hypertensive. In general, patients with more-severe hypertension had poorer cognitive performance than the patients in control and stage 1 group irrespective of their educational level.
Cognitive Functions at Different Domains
Alterations on NPE were mainly because of impairment in the language domain followed by impairment in processing speed, visuospatial abilities, and memory. Both NPE and MoCA were better as screening tools for identifying cognitive impairment than was MMSE.
In the early 1990s, the criteria for diagnosis of vascular dementia (VaD) were largely based on those used for AD, which emphasized memory impairment, irreversibility of the deficits, and impaired activities of daily living. 45 This definition was felt to be restrictive, because it did not take into Table 4 . consideration cognitive deficits more commonly associated with cerebrovascular lesions, such as executive dysfunction and psychomotor slowing. Therefore, the term vascular cognitive impairment (VCI) was introduced to better reflect the full range of cognitive alterations resulting from vascular factors. 46 The concept of VCI has gained wide acceptance and is currently defined as "a syndrome with evidence of clinical stroke or subclinical vascular brain injury and cognitive impairment affecting at least one cognitive domain," 47 VaD being the most severe form of VCI.
In patients with less-severe cognitive impairment, a moredistinctive cognitive profile might be discernable. Garrett et al 48 reported that the neuropsychological performance of a small group of patients with cognitive impairment (but no dementia) was characterized by disproportionate executive dysfunction and deficits in verbal retrieval. Data from Looi and Sachdev 49 also confirm an overall profile of less-severe memory impairment and greater executive impairment in VaD. Several investigators have reported a profile of memory impairment that includes better preservation of recognition memory performance relative to free recall in patients with VCI. 50, 51 In studies of patients with CADASIL (Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and Leukoencephalopathy), who are younger and therefore less likely to have concomitant pathological AD changes, the speed of processing has consistently been identified as impaired, with somewhat less-pronounced, but significant, deficits in areas of executive performance and attention. It has been suggested that this pattern of impairment represents the core of the cognitive syndrome associated with small-vessel subcortical ischemic disease. [52] [53] [54] Furthermore, in our study, although the use of 25 as the cut-off point following the value proposed by Mem oria et al 24 in the Brazilian population, the frequency of MCI screened by the MoCA was somewhat high. Whether the HTN status and its severity might have influenced this scenario is unclear.
Many studies have been performed for MoCA validation in different populations, and different cut-off scores have been proposed. 55, 56 Although the cut-off point used for years of education in the original study on MoCA was 12 years, 23 the same we used in the present study, Ng et al 56 found that a 1-point correction was needed in patients with <10 years of education. For these researchers, this change in cut-off score from that in the original study was affected by the educational system in their country, where the average population spends 10 years in school to obtain a basic education. These differences in cut-off scores proposed in many studies highlight the importance of conducting population-specific validations of MoCA to maintain its effectiveness as a screening tool.
Limitations
There is always the possibility of residual confounding variables with observational studies. First, the primary limitation of the cross-sectional study design is that because the exposure and outcome are simultaneously assessed, there is generally no evidence of a temporal relationship between exposure and outcome. 57 That is, although the investigator may determine that there is an association between an exposure and an outcome, there is generally no evidence that the exposure caused the outcome. Of course, if the exposure is a characteristic such as sex or race and the outcome developed over time, the temporal nature of the exposure-outcome association is more plausible; however, for studies in which the exposure is not an inherent trait, but one that developed over time, causality is often unclear. Second, our study sample is relatively small and our study was carried out in a select group of patients with HTN referred to a university hospital, limiting the generalizability of our findings to other populations. The absence of magnetic resonance imaging is another limitation of this study because we were not able to completely rule out subclinical cerebrovascular disease.
Conclusions
Our data demonstrate that cognitive impairment is more frequent in patients with HTN and is related to the severity of HTN. HTN stage and educational level were the best predictors for cognitive impairment in patients with HTN, and language, processing speed, visuospatial, and memory were the most affected domains.
Perspectives
The present findings support undertaking further studies to elucidate the mechanisms through which HTN is associated with cognitive impairment and intervention studies to determine whether better control of HTN could prevent cognitive decline and dementia. Although the relationship of HTN and cognitive impairment has been reported previously and gained great interest among researchers worldwide in recent years with conflicting results, to the best of our knowledge, studies addressing the severity of HTN and cognitive impairment are lacking. Our data indicate that not only the hypertensive condition, but also its severity is an important factor associated with cognitive impairment in young patients without previous manifested cerebrovascular disease and other factors affecting cognitive function.
